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(57) ABSTRACT 

(21) Appl' NO‘: 09/971’385 N20 is used as the oxidant for forming an ultra-thin oxide 

(22) Filed: Oct- 4’ 2001 (14). The loW oxidation ef?ciency of N20 compared to O2 
allows the oxidation temperature to be raised to greater than 

Related US Application Data 850° C. While maintaining the groWth rate. Acold Wall lamp 
heater rapid therrnal process (RTP) tool lirnits reaction to the 

(63) Non-provisional of provisional application No. surface of the Wafer (10). Hydrogen is preferably added to 
60/245,877, ?led on Nov. 3, 2000. improve the electrical properties of the oxide (14). 
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ULTRA-THIN SIO2 USING N20 AS THE OXIDANT 

FIELD OF THE INVENTION 

[0001] The invention is generally related to the ?eld of 
forming gate dielectrics for transistors in integrated circuits 
and more speci?cally to forming ultra-thin gate dielectrics. 

BACKGROUND OF THE INVENTION 

[0002] Presently, there is a great demand for shrinking 
semiconductor devices to provide an increased density of 
devices on the semiconductor chip that are faster and 
consume less poWer. The scaling of devices in the lateral 
dimension requires vertical scaling as Well so as to achieve 
adequate device performance. This vertical scaling requires 
the effective electrical thickness of the gate dielectric to be 
reduced so as to provide the required device performance. 

[0003] Silicon dioxide has been the preferred gate dielec 
tric material. HoWever, scaling the thickness of SiO2 for gate 
dielectric applications has placed severe limitations on the 
oxidation process. Sub-angstrom uniformity across the 
Wafer and thickness control are requirements for the 
advanced technologies that use these dielectrics. In order to 
be able to groW these layers on conventional furnaces, the 
process temperature has to be dropped to less than 850° C. 
and the oxidant, O2, concentration has to be diluted. This 
results in the degradation of the electrical properties of the 
SiO2 dielectric as a result of the presence of a thicker 
interfacial layer. 

SUMMARY OF THE INVENTION 

[0004] The invention is an ultra-thin oxide structure and 
method. N20 is used as the oxidant for forming the ultra-thin 
oxide. The loW oxidation ef?ciency of N20 compared to O2 
alloWs the oxidation temperature to be raised to greater than 
850° C. While maintaining a reduced groWth rate. In a 
preferred embodiment, hydrogen is added to improve the 
electrical properties of the oxide. In another embodiment of 
the invention, a cold Wall lamp heater rapid thermal process 
(RTP) tool is used to form the ultra-thin oxide. 

[0005] An advantage of the invention is providing a uni 
form and controlled method for forming a high quality 
ultra-thin oxide. 

[0006] This and other advantages Will be apparent to those 
of ordinary skill in the art having reference to the speci? 
cation in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 
[0008] FIGS. 1A-1D are cross-sectional diagrams of a 
method for forming a transistor including an ultra-thin oxide 
according to the invention; 

[0009] FIG. 2°is a concentration pro?le of oxygen and 
nitrogen in a 22 A dielectric groWn in N2O+H2 at 1050° C.; 

[0010] FIG. 3 is a graph of groWth curves for N2O+H2 
oxidation at various temperatures; 

[0011] FIG. 4 is a graph of groWth curves for O2+H2 
oxidation at various temperatures; 

[0012] FIG. 5 is a graph of the density of interface states 
for various oxidation methods; 

In the draWings: 
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[0013] FIG. 6 is a graph of a C-V curve for a 40 A oxide 
formed according to an embodiment of the invention; 

[0014] FIG. 7 is a graph of CV curves for 38 A-17 A 
oxides formed according to the embodiment of the inven 
tion; 
[0015] FIG. 8 is a graph of mobility curves for various 
oxidation methods; and 

[0016] FIG. 9 is a graph of the gate leakage current 
density at 1V above ?atband as a function of the equivalent 
oxide thickness on capacitors With dielectrics formed by 
various oxidation methods. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0017] The invention Will noW be described in conjunction 
With forming a gate dielectric for a MOS transistor. It Will 
be apparent to those of ordinary skill in the art having 
reference to the speci?cation that the bene?ts of the inven 
tion may be applied generally to forming ultra-thin oxides. 

[001$]u In an embodiment of the invention, an ultra-thin 
(<23 A) oxide is formed using N20. The loW oxidation 
ef?ciency of N20 compared to O2 alloWs the oxidation 
temperature to be raised to greater than 850° C. The tem 
perature can be raised to 1200° C. Preferably, hoWever, the 
temperature is kept beloW 1100° C. At these temperatures, 
the groWth rate of the ultra-thin oxide is such that a con 
trolled groWth of 10 A can be achieved. 

[0019] Hydrogen is preferably added to the ambient to 
provide extra improvement in the electrical properties of the 
dielectric. 

[0020] Preferably, a reduced pressure is used to form the 
ultra-thin oxide. A reduced pressure ensures optimum uni 
formity and controlled groWth rates. For example, the pres 
sure may be on the order of 10 Torr. 

[0021] Aprocess for forming a gate dielectric for a MOS 
transistor using an embodiment of the invention Will noW be 
discussed With reference to FIGS. 1A-1D. Referring to FIG. 
1A, a semiconductor body 10 is processed through the 
formation of isolation structures 12. Semiconductor body 10 
comprises a semiconductor substrate (e.g. silicon) With 
appropriate doping. For example, threshold adjust implants 
and any desired Well regions (not shoWn) may have been 
formed. As shoWn, isolation structures 12 comprise shalloW 
trench isolation. Alternative isolation structures, such as 
?eld oxide isolation, are knoWn in the art. 

[0022] Referring to FIG. 1B, an ultra-thin gate dielectric 
14 is formed over semiconductor body 10. Ultra-thin gate 
dielectric 14 comprises silicon-dioxide. The thickness of 
ultra-thin gate dielectric 14 is in the range of 7 A-22 A as 
measured by ellipsometry. The equivalent oxide thickness as 
measured by corona discharge extracted CV curves is in the 
range of 2 A-22 Ultra-thin gate dielectric 14 is formed 
using N2O as the oxidant. In the preferred embodiment, H2 
is added to the ambient to improve the electrical properties 
of dielectric 14. 

[0023] A variety of tools may be used to form ultra-thin 
dielectric 14. For example, joule heated furnaces, lamp 
heated rapid thermal processors and joule heated rapid 
thermal processors may be used. HoWever, in the preferred 
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embodiment, a cold Wall tool, such as a cold Wall lamp 
heated RTP tool, is used. The use of a cold Wall tool prevents 
the decomposition of the N20 molecule anywhere but on the 
Wafer surface. The presence of H2 in the oxidation ambient 
prevents nitrogen incorporation at the interface. The process 
results in a nitrogen incorporation of less than 5E13 at/cm2 
on a 22 A ?lm, as shoWn in FIG. 2. 

[0024] The above process is able to use a temperature in 
the range of 850° C.-1150° C. Prior art processes using 02 
needed to reduce the temperature to beloW 850° C. and 
diluted the oxidant concentration. Temperatures above 900° 
C. resulted in uncontrolled and non-uniform groWth in the 
prior art 02 process. HoWever, When N20 is used as the 
oxidant, the temperature can be increased While maintaining 
good uniformity and controlled groWth doWn to 10 For 
example, a SiO2 ?lm of 11 A can be groWn at 1050° C. Less 
than 8 A can be groWn at a temperature of 950° C. FIG. 3 
shoWs the groWth curves for N2O+H2 oxidation (oxide 
thickness versus time) at various temperatures. FIG. 4 
shoWs the groWth curves for oxidation in O2+H2. High 
temperatures are desirable because they result in a thinner 
interfacial layer (betWeen the dielectric and the substrate). A 
thin interfacial layer improves the electrical properties of the 
dielectric. 

[0025] After forming the ultra-thin gate dielectric 14, a 
high-k dielectric 15 may optionally be deposited on top of 
ultra-thin dielectric 14. High-k dielectrics are typically 
de?ned as those dielectrics having a dielectric constant 
greater than silicon dioxide (e.g., >4.0). Examples include 
silicates, such as Hf silicate or Zr silicate. The gate electrode 
material 16 is deposited as shoWn in FIG. 1C. Typically, the 
gate electrode material comprises polysilicon. For example, 
gate electrode material 16 may comprise a layer of polysili 
con, a barrier layer (e.g., WN or WSiN), and a metal layer 
(e.g., Alternative gate structures are Well knoWn in the 
art. 

[0026] Gate electrode material 16, optional high-k dielec 
tric 15, and gate dielectric 14 are then patterned and etched 
to form gate structure 20, as shoWn in FIG. 1D. Drain 
extension regions 22, sideWall spacers 24, and source/drain 
regions 26 may then be formed. It should be noted that many 
compatible methods are knoWn in the art for completing the 
formation of transistor 30 and may be used Without depart 
ing from the scope of the invention. 

[0027] The N20 oxidation according to the invention 
results in uniform and controllable groWth. The table beloW 
shoWs the target thickness, 3-sigma variation and average 
thickness for various lots process according to the invention. 
The process conditions Were N2O+1% H2 at a pressure of 12 
torr and a temperature of 1050° C. 

Target 3 Sigma Average Cp Cpk 

18A 1.01“; 17.66 1.027 0.676 
18A 1.51“; 17.66 1.540 1.189 
18A 20A 17.66 2.053 1.702 
15;“; 1.01“; 14.92 1.051 0.964 
15;“; 1.51“; 14.92 1.577 1.490 
15;“; 20A 14.92 2.103 2.016 

[0028] SiO2 ?lms, such as gate dielectric 14, formed using 
N2O+H2 have an order of magnitude loWer density of 
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interface states (Dit) compared to oxides fabricated by 
conventional dry 02 furnace and O2+H2 methods. Dit for the 
various methods are shoWn in FIG. 5 for an equivalent oxide 
thickness (EOT) of 36-40 FIG. 6 is a typical CV curve 
from Where the loW Dit values for the N2O+H2 oxides Were 
extracted. 

[0029] The CV curves of N2O+H2 oxides of different 
thickness (38 A to 17 are shoWn in FIG. 7. Small changes 
in ?atband voltage indicate that the ?lms have negligible 
?xed charges. 

[0030] Moreover, the peak mobility of transistors 30 fab 
ricated according to the invention, lies on the universal 
mobility curve, being 9% higher than the one obtained With 
conventional 02 furnace methods, as shoWn in FIG. 8. 
Finally, the dielectrics groWn according to the invention 
result in a 2><reduction in gate leakage versus furnace dry 02 
groWn oxides of the same equivalent electrical thickness, as 
can be seen in FIG. 9. 

[0031] While this invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations and combinations of the illustrative embodiments, 
as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. It is therefore intended that the appended claims 
encompass any such modi?cations or embodiments. 

In the claims: 
1. A method for fabricating an integrated circuit, com 

prising the steps of: 

groWing an oxide layer over a semiconductor body using 
N20 and hydrogen. 

2. The method of claim 1, Wherein said oxide layer has a 
thickness in the range of 7 A-22 

3. The method of claim 1, Wherein the step of groWing the 
oxide layer occurs at a temperature greater than 850° C. 

4. The method of claim 1, Wherein the step of groWing the 
oxide layer occurs in a cold Wall rapid thermal process tool. 

5. The method of claim 1, Wherein said oxide layer forms 
a gate dielectric of a transistor. 

6. The method of claim 1, Wherein the step of groWing the 
oxide layer occurs in a joule heated tool. 

7. The method of claim 1, Wherein a high-k dielectric ?lm 
is deposited on the oxide layer to form a gate dielectric. 

8. A method of fabricating an integrated circuit compris 
ing the step of: 

groWing an oxide layer using N20 as the oxidant in a cold 
Wall rapid thermal process tool. 

9. The method of claim 8, Wherein said oxide layer has a 
thickness in the range of 7 A-22 

10. The method of claim 8, Wherein the step of groWing 
the oxide layer occurs at a temperature greater than 850° C. 

11. The method of claim 8, Wherein the step of groWing 
the oxide layer further comprises adding hydrogen to an 
ambient in the cold Wall rapid thermal process tool. 

12. The method of claim 8, Wherein said oxide layer forms 
a gate dielectric of a transistor. 

13. The method of claim 8, Wherein a high-k dielectric 
?lm is deposited on top of the oxide layer to form a gate 
dielectric. 


